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厄尔尼诺—南方涛动（El Niño-Southern Oscillation, ENSO）与印度洋偶极子
（Indian Ocean Dipole, IOD）分别是热带太平洋和印度洋的主要气候模态。对两个
模态的模拟是气候模式发展重点关心的问题之一。特别地，评估物理模块的改进以
及分辨率的提高能在多大程度上改进ENSO和 IOD的模拟效果会为气候模式的发展
提供重要的科学指导。本文利用当今主流的气候模式 CESM（Community Earth 





































关系，而且 CAM5相比 CAM4的模拟效果更好。但是，IOD—印度洋夏季风和 ENSO
—印度洋夏季风之间的遥相关关系却模拟得不好。 





















The El Niño-Southern Oscillation (ENSO) and the Indian Ocean Dipole (IOD) are 
two major climatic patterns in the tropical Pacific Ocean and Indian Ocean, respectively. 
The simulations for these two patterns are one of the key issues of climate model devel-
opment. In particular, how much of the improvement of physical modules and the in-
crease of resolution can improve the simulation results of ENSO and IOD will be im-
portant scientific guidance for climate model development. This thesis use the current 
mainstream climate model CESM (Community Earth System Model, version 1.2.0), 
combined with the observations and reanalysis data, and systematically study the simula-
tion of ENSO and IOD with different atmospheric modules and horizontal resolutions. In 
addition, the reasons for the differences between the models from the dynamic point of 
view are also be discussed. 
The results show that the atmospheric module and horizontal resolution have signif-
icant influence on the simulation of ENSO. CAM5 makes the period of two types of El 
Niño events longer, and increase the magnitude of the change of the thermocline depth 
anomaly in the eastern Pacific El Niño (EP El Niño) events. All the coupled experiments 
can accurately simulate the phase locking of the central Pacific El Niño (CP El Niño) 
events, but the experiments with CAM4 atmospheric module (CPL4) cannot realistically 
simulate the phase locking of the EP El Niño events. The CAM5 and low resolution make 
the El Niño stronger. The coupled experiments can accurately simulate the development 
of SSTA in the EP El Niño events, but is not good in the CP El Niño events. The simula-
tion result of the zonal advection term is bad, especially the zonal temperature gradient 
by the mean current has a direct impact on the simulation results of the CP El Niño 
















larger than that of CPL5 when simulating the La Niña events. The high resolution is ben-
eficial to the simulation for the change of thermocline depth in the La Niña events. High 
resolution makes the period shorter, and the period of CPL5(1o) is closest to the observa-
tion. Low resolution and CAM5 atmospheric module can increase the intensity of the La 
Niña events. The remainder of the equation plays an important role in the development of 
SSTA for the CPL5 experiments.  
The ocean model (POP2) could effectively simulate various features of the IOD. 
The coupled experiments run at the higher resolution yielded more realistic IOD period 
and intensity than their counterparts at the low resolution. The coupled experiments using 
CAM5 generally showed a better simulation skill in the tropical Indian SST climatology 
and phase-locking than those using CAM4, but the wind anomalies were stronger and the 
IOD period were longer in the former experiments than in the latter. In all coupled ex-
periments, the IOD intensity was much stronger than the observed intensity, which is at-
tributable to wind-thermocline depth feedback and thermocline depth-subsurface temper-
ature feedback. The CAM5 physics seems beneficial for the simulation of summer rain-
fall over the eastern equatorial Indian Ocean and the CAM4 physics tends to produce less 
biases over the western equatorial Indian Ocean, whereas the higher resolution tends to 
generate unrealistically strong meridional winds. The IOD-ENSO relationship was cap-
tured reasonably well in coupled experiments, with improvements in CAM5 relative to 
CAM4. However, the teleconnection of the IOD-Indian summer monsoon and 
ENSO-Indian summer monsoon was not realistically simulated in all experiments. 
Some similarities are found between the simulation of ENSO and IOD in four cou-
pled experiments with different setting. The strength of ENSO and IOD in the coupled 
experiments are almost greater than that observed. Among the coupled experiments, the 
















olution, and the strength in CPL5 is greater than that in CPL4.  
 















第 1章 绪论 
第 1章 绪论 
1.1 ENSO和 IOD的时空特征及对全球气候系统的影响 
发生在热带太平洋的厄尔尼诺—南方涛动（El Niño-Southern Oscillation, ENSO）
事件（McPhaden et al., 2006）和发生在热带印度洋的印度洋偶极子（Indian Ocean 
Dipole, IOD）事件（Saji et al., 1999; Webster et al., 1999）都是极为重要的海气耦合
现象，与全球气候及周边地区社会经济发展具有密切的联系。 
ENSO 表现为赤道东太平洋海表温度异常（Sea Surface Temprature Anomaly, 































第 1章 绪论 
称之为“中部型”厄尔尼诺事件。图 1-1中（左图）表示了每年冬季（NDJ）SSTA
的区域（2°S-2°N, 110°E-90°W）平均的极值在经度—幅值平面中的分布。可以看出，





北美地区秋季温度转为正异常，西亚地区冬季温度转为负异常（Larkin and Harrison, 
2005）。东部型厄尔尼诺时，东太平洋区域降水增多，会给厄瓜多尔和秘鲁造成严
重的洪涝灾害（McPhaden, 2004）。东部型和中部型厄尔尼诺事件的发生分别会引
起美国西部冬季出现“南湿北干”和“偏湿”的分布特征（Weng et al., 2007）；同
时也会分别使得欧洲冬天气温略微变暖和显著变冷（Graf and Zanchettin, 2012）。
相比东部型厄尔尼诺事件，发生中部型厄尔尼诺事件时，北大西洋热带气旋发生频
率更快，登陆墨西哥湾和美国中部的可能性更高（Kim et al., 2009）；与印度地区的
干旱具有更加显著的相关性，从而有助于提高印度洋夏季风的预报水平（Kumar et al., 
2006）。中部型厄尔尼诺事件的发生也加强了南极洲西部地区的异常变暖（Lee et al., 
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